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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 27 30 4.6 6.0 7.0 7.8 13 0.5 37 43 20 24 5.0
Min/Max | 2.3/3.1 2.9/4.0 3.9/54 | 52/68 63/76 7.0/86 | 6380 35574 47/63 | 32/47 26/35 1928|4755
Ak e Average 4.0 4.7 55 6.4 7.0 75 7.1 6.8 6.0 5.6 42 37 5.8
Min/Max | 33/49 3.7/5.6 44/65 | 5574 6276 6882 | 62/79 5778 53/73 | 39/63 3.6/54 2.6/48 | 52/64
Latitada Average 4.6 52 5:7 6.3 6.5 6.8 6.6 6.6 6.7 6.1 4.8 4.4 5.9
Min/Max | 3.8/5.9 4.0/6.3 4.5/69 | 54/74 58/72 62/75| 5872 353/75 53/75| 42/68 40/62 3.0/57 | 5.3/6.6
Latitude +15 Average 5.0 54 5.7 59 87 5.9 ) 6.0 6.5 6.2 il 4.8 a
p Min/Max | 4.0/6.5 4.0/6.7 4.4/68 | 5.0/6.8 5.2/63 54/64 | 50/63 5068 5.1/73 | 42/7.0 4.2/6.7 32/63 | 5.0/6.4
90 Average 47 4.7 4.2 36 2.8 2.6 2.6 33 43 5.0 4.6 4.6 39
Min/Max | 3.7/6.4 3.3/58 3.3/5.0 | 3.1/40 26/3.1 2527 | 24/28 2836 34/48 | 3356 3.7/6.1 29/60 |3.4/45
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.2 92 6.6 8.4 9.6 10.8 10.1 9.2 8.4 6.6 45 3.8 7:3
Min/Max | 3.4/53 3.8/64 5.1/8.1 | 6.8/99 84/10.8 9.3/12.2| 83/11.5 7.3/108 6.3/9.6 | 44/74 37/58 25/49 | 64/82
Tiitfiite-15 A}ferage Y 6.1 73 8.8 W 10.8 10,1 95 9.1 T35 54 4.7 7.9
g Min/Max | 4.1/6.6 4.4/7.6 5.5/9.0 |7.1/104 8.5/109 9.3/12.2| 84/11.5 7.6/11.2 6.8/10.5| 4.9/85 44/72 3.1/6.3 | 6.8/89
Eatitidh Average 5.6 6.5 Ik 8.7 9.4 10.3 LB 9.4 9.3 7.9 59 5.3 8.0
Min/Max | 45/7.3 4.6/82 5.6/93 |7.1/104 83/10.6 89/11.7| 8.1/11.1 7.4/11.1 6.8/10.6| 5.1/89 48/7.8 3.3/7.0| 6.9/9.1
FAStadEFTS Average 8.9 6.6 74 8.4 8.9 9.1 9.1 9.0 9.1 8.0 6.1 5.6 7.8
‘ Min/Max | 4.7/7.8 4.6/84 55/9.2 |6.8/10.0 7.8/10.1 R8.3/109| 7.6/10.4 7.1/10.6 6.6/10.4| 5.1/9.1 5.0/82 35/74 | 6.7/9.0
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9% :
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
F oA Average 6.0 6.6 T3 8.8 29 11.0 10.3 9.6 0.3 8.0 62 37 8.5
li Min/Max | 4.7/7.8 4.7/84 5.6/93 |7.2/]10.5 8.6/11.1 95/12.5| 85/11.7 7.6/11.3 6.8/10.6| 5.1/9.1 5.0/8.2 3.6/7.6 | 7.1/9.4
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 37 3.8 3.8 4.5 521 6.2 23 3.1 5.1 4.8 38 37 4.6
Horiz Axis | Min/Max | 25/52  23/54 2.1/54 | 3.0/59 4.1/62 4875 | 4.1/69 3.6/66 32/63| 23/58 2858 1956 | 3.6/56
1-Axis, N-S | Average 29 3.6 4.6 6.0 7.0 8.3 g 6.9 6.6 5:1 33 2.7 54
Horiz Axis Min/Max | 2.0/4.1 2.0/52 2.6/65 | 4.1/79 5.6/85 6.3/10.1| 5594 4.8/9.0 4.0/8.1 | 23/6.1 2349 14/4.1 | 42/65
1-Axis, N-S | Average 42 47 53 6.3 6.8 7.8 el 7.0 7.2 6.3 45 4.0 59
Tilt=Latitude | Min/Max | 2.8/58 2.7/6.7 3.0/7.5 | 43/82 55/83 6.0/9.5 | 52/90 4.99.1 44/90 | 3.0/75 32/68 2.0/6.0 | 4.6/7.2
9 Asae Average 45 4.8 33 0.4 Tl 8.5 1.7 7.2 .2 0.4 4.7 44 6.2
' Min/Max | 3.0/6.2 2.8/69 3.0/7.5 | 4.3)84 5.8/87 6.5/103| 5.6/9.6 5.0/94 4490 | 3.1/7.6 3.4/7.1 22/66 | 4.8/7.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.4 1.4 44 8.6 155 19.3 234 2.2 172 10.9 4.3 -0.8 10.3
Daily Minimum Temp -8.2 5.5 -2.7 0.8 5.1 9.8 144 13.6 8.4 pl -2.9 -1.7 23
Daily Maximum Temp 54 8.3 11.6 16.4 22 28.7 323 30.8 26.1 194 11.5 6.1 18.2
Record Minimum Temp | -26.7 -30.6 -16.1 =12.2 -5.6 0.0 5.6 3.9 4.4 -20.0 <200 -30.6 | -30.6
Record Maximum Temp | 19.4 222 239 2738 333 383 39.4 372 33.9 294 233 18.9 394
HDD, Base 18.3°C 612 473 431 292 153 33 0 0 72 234 422 592 3312
CDD, Base 18.3°C 0 0 0 0 7 62 157 j22 38 3 0 0 388
Relative Humidity (%) 66 62 56 46 40 51 35 40 41 47 38 65 49
Wind Speed (m/s) 23 3.1 3.9 4.0 5.9 3.8 3.6 34 34 3.0 3= 27 34
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

Tilt () Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year

0 Average 19 29 4.1 54 6.5 74 73 6.5 52 3.7 22 17, 4.6
Min/Max | 1.524 2233 3.0/47 | 45/6.1 5575 62/81| 67/719 60/7.2 4359 | 3.1/42 1827 LI/2.1 | 42/49

Tatifiids -15 Average 28 4.0 5.0 5.9 6.6 7.2 73 7.0 6.3 5.0 33 25 52
Min/Max | 1.9/4.1 2.7/48 3.5/59 | 48/6.8 5.5/7.6 6179 | 67/7.9 65/7.7 5.0/7.2 | 41/59 23/43 1.3/3.6 | 4.6/5.6

taiidn Average 32 4.3 52 5.8 6.2 6.6 6.7 6.7 6.4 5.4 3.7 29 5:3
Min/Max | 2.0/4.7 2.8/53 3.6/62 | 47/6.7 52(7.1 35.6/7.1 6.2/7.2 63/74 35.1/7.3 | 43/65 2549 1443 | 4.6/5.7

Latitiude +15 Average 34 44 5.1 54 35 5.6 5.8 6.1 6.1 5.5 39 31 5.0
5 Min/Max | 2.0/5.1 2.8/56 3.5/6.1 | 43/62 4.6/63 4.9/6.1 | 54/63 57/6.7 4.8/7.1 | 44/6.6 2.6/52 1.4/4.6 | 43/55

90 Average 32 3.0 49 5 3.0 2.8 29 L3 4.3 4.5 35 2.9 35
Min/Max | 1.6/48 24/50 2.6/47 |29/40 2.6/33 25729 | 2732 33/3.9 34/50 | 3.6/55 22/47 1.3/44 |29/39

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a

North-South Axis (kWh/

m?/day), Uncertainty +9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.7 4.0 5.6 Vi 8.8 10.0 10.1 9.2 7.6 5.3 3.2 23 6.4
Min/Max | 1.7/3.8 2.7/50 3.7/6.8 | 59/86 6.9/10.5 8.0/11.6| 8.8/11.3 8.1/10.6 5.9/9.1 | 42/67 23/4.1 12/33 |54/7.0
Latitide <15 Average 34 4.8 6.3 ol 89 10.0 10.2 9.6 8.5 6.5 4.0 3.0 6.9
: “ | Min/Max | 2.0/5.1 3.0/6.1 4.1/7.7 | 6.2/92 7.1/10.8 8.0/11.6| 8.9/11.4 83/11.1 6.4/10.0| 49/7.9 2.7/53 1.4/45 | 59/76
Istitnda Ayerage 37 i | 6.5 10 8.7 9.6 9.8 9.4 8.6 6.8 4.3 33 7.0
B Min/Max | 2.0/5.6 3.1/6.5 4.1/79 | 6.1/9.1 6.8/10.4 7.7/11.1| 86/11.1 8.3/109 6.5/102| 52/84 29/58 1.5/50 | 5.8/7.6
Latitide £15 Average 3.8 52 6.4 7.4 4.2 9.0 9.2 9.0 84 6.9 4.5 34 6.8
“ | Min/Max | 2.1/5.9 3.1/6.7 4.1/79 | 5.8/8.8 64/9.9 7.1/104| 8.0/10.4 7.9/10.4 6.3/10.0| 5.2/84 29/6.0 1.5/5.3 | 5.6/7.5
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5. At Average 39 52 6:5 7.8 2.1 10.3 10.4 9.6 8.0 6.9 4.5 35 7.2
- Min/Max | 2.1/59 3.1/6.7 42/80 | 6.2/92 7.1/109 8.2/11.9| 9.0/11.7 85/11.1 6.5/102| 52/85 29/6.1 15/5.4 | 6.0/7.9
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 20 2 3.2 37 4.5 5.6 5.8 52 48 4.1 2.6 19 38
Horiz Axis Min/Max | 0.6/4.0 0.9/4.0 1.6/43 | 2.5/4.8 3.1/59 3.8/6.8 | 47/6.8 4.3/64 34/6.1 | 2953 1439 03/3.6 | 3.1/44
1-Axis, N-S | Average 1.4 2.4 3.6 4.8 6.1 74 7.6 6.9 5.8 4.1 2.0 12 45
Horiz Axis Min/Max | 0.5/2.8 0.9/35 1.7/49 | 3.3/62 4.1/80 50/92 | 63/9.1 5586 4.1/75| 27/54 11/3.0 02/24 | 3.6/5.1
1-Axis, N-S | Average 22 33 4.2 51 5.9 7.0 T 7l 6.6 52 29 2.0 4.9
Tilt=Latitude | Min/Max | 0.7/43 1.1/48 2.0/58 | 3.5/6.6 4.0/7.8 4.7/87 | 6.0/87 57/88 4585 | 3568 16/44 0338|3956
. Kghe Average i3 3.3 43 5.2 6.3 7.6 7.9 i 6.6 5.3 3.1 2 5.1
= Min/Max | 0.8/4.6 1.2/49 2.0/58 | 3.6/6.7 42/82 5.1/95 | 65/9.4 58090 46/85| 3.6/69 1.7/46 04/4.1| 4.0/5.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 23 1.2 54 9.8 14.9 20.6 255 242 18.4 11.8 4.9 <13 1.0
Daily Minimum Temp 7.1 4.1 -0.3 33 7.6 13.0 17.6 16.6 10.6 4.6 -0.6 -5.8 4.6
Daily Maximum Temp 2.4 6.4 11.2 16.3 222 282 334 31.9 26.2 18.9 10.4 32 17.6
Record Minimum Temp | -30.0 -34.4 -16.7 | -10.0 -3.9 i 4.4 2.8 2.8 -8.9 -25.6 294 | -344
Record Maximum Temp | 16.7 20.6 25.6 294 33.9 40.0 41.7 40.0 37.8 3l 23.9 19.4 41.7
HDD, Base 18.3°C 639 481 399 258 119 28 0 0 60 207 403 608 3203
CDD, Base 18.3°C 0 0 0 0 13 97 222 183 63 4 0 0 582
Relative Humidity (%) 74 70 60 5 45 41 36 39 46 56 66 74 55
Wind Speed (m/s) 35 3.8 43 4.4 42 42 4.3 43 42 38 38 34 4.0
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